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Overview

● The BaBar Experiment
● Rare B Decays

● B  leptons→

● Rare Bottomonium Decays
●   invisibleΥ →

●   leptons (+ )Υ → γ

● Rare Tau Decays
●    τ → γℓ
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The BaBar Experiment
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The BaBar detector
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Dataset

~470 million BB 
pairs (2000-

2007)

120 million (3S) Υ

and 99 million 
(2S) mesons Υ

(2007-2008)

963 million  τ
leptons (2000-

2008)
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Rare B Decays
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Can enhance or 
suppress the rate:
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B+→τ+  ν

B+

B-

Decays to “Tag B” 
(semileptonic or 
hadronic final state)

Decays to 
signal mode

μ- neutrinos

e-

e+

μ-

τ-

 ν̅

semileptonic tag Bs

Combined BaBar Results:
BR B++=1.7±0.6×10-4

 Background Simulation

 Signal Simulation

Data
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Rare Bottomonium Decays



 Stephen J. Sekula - SMU 10/18

Motivation

● Low-mass dark matter
● what if dark matter is not just
one particle, but a whole 
spectrum?

● Low-mass Higgs (A0)
● Possible in NMSSM without
contradicting previous 
measurement

● Lepton flavor violation
● Allowed in SUSY

Higgs non-singlet 
fraction

Phys.Rev.D76:051105,2007
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(1S)  invisibleΥ →

(3S)Υ

“Tag” on the di-pion transition 
from (3S)Υ

(1S)Υ

ππ++

ππ-- ee--

ee++

4.4%4.4%

Leading limitations on 
sensitivity:
● significant non-peaking 
background (reject using data-
based multi-variate approach)
● peaking background from 
unreconstructed Υ→ℓ+ℓ- decays 

Results:

BR  1S invisible=
−1.6±1.4stat±1.6syst×10-4
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ττ μμ 

(Υ nS)   + higgs→ γ

(3S)Υ

Reconstruct the photon and two 
leptons

A0

ee--

ee++ γγ

0

Results:
No discoveries; limits set in 
the range of 10-4 – 10-6 on 
product of branching ratios.
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Lepton Flavor 
Violation

(SUSY)

(Generic)

Look for (3S)  Υ →ℓτ
● the primary (non-tau) 
lepton should satisfy 
x=p1/Ebeam≈0.97
● use μ±, π± final states of τ±  
● use kinematic and event 
shape variable to suppress 
e+e- + - backgrounds→ℓ ℓ
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Rare Tau Decays



 Stephen J. Sekula - SMU 15/18

τ+   → γ ℓ+

0 events 
observed

2 events observed 
(consistent with background)

e±γ μ±γ
Even with neutrino 
mixing, rate is 
unmeasurable in 
SM
● unambiguous sign 
of new physics

Fully reconstructable 
tau final state allows 
for use of strong 
collider kinematic 
constraints
● tag the other tau 
decay using 1-prong 
and 3-prong topologies

 50% signal efficiency region

 90% signal efficiency region

signal region

m
EC

: tau mass, using reco. 
momentum and collider 
energy

ΔE: difference between 
reco. energy (assuming tau 
mass) and collider energy
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Conclusions
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Rare B Decays
● no evidence for 
deviations from the 
SM (~few sigma) 

Rare bottomonium/tau 
Decays

● no evidence for new 
physics
● tests range over a 
variety of models

αeτ 
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a x sce nario (3
0
/f b)Colored regions 

are 90% exclusion

Colored regions 
are 90% exclusion

The above plot is 
from U. Haisch 

(arXiv:0805.2141) 
with ATLAS points 

added by S. 
Robertson

ATLAS 95% 
CL exclusion 
sensitivity ATLAS 5  σ

discovery 
sensitivity
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Outlook

● LHC Era
● indirect constraints from flavor factories point 
to the need for direct searches at the highest 
energies that can be probed at hadron colliders

● Super flavor factories
● needed to make definitive measurements (leptonic 
B decays)

● needed to cut into/through model prediction 
spaces  for new physics
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BACKUP SLIDES
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B+→ℓ+  ν

Search inclusively for a high-
momentum lepton.
Reject background using:
● “event shape” techniques
● inclusive reconstruction of 
second B in the event
● lepton momentum

Results: limits at 90% C.L.

BR B++1.0×10-6

BR B+ e+1.9×10-6

B+→μ+ν B+→μ+ν 


